Background
The health community has previously encountered the H1N1 virus in the influenza season. The first wave was reported in 2009 and, since then, additional seasonal waves of H1N1 have occurred, with several studies reporting useful data regarding the clinical and laboratory characteristics of the H1N1. 1, 2 Long-term respiratory follow-up demonstrated a small reduction of lung function tests for a period of no more than 3 months after the virus infection. 2 The cost-effectiveness of the health management of these waves has also been presented. 3 Moreover, genetic mutations of the first wave have been observed, 4 with additional oseltamivir-resistant strains. 5 Low vaccination effectiveness against H1N1 has been reported in association with low vaccine acceptance among several populations. 6 Since 2009, only sporadic cases of H1N1 have been reported. In an effort to achieve efficient surveillance of H1N1, a network was proposed and established by several countries. 7 During the first pandemic of H1N1 influenza, H3N2 cases were also isolated. 8 The laboratory methods for identifying the 
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Petridis et al different antigens of the influenza family have been reported, and they are very useful in identifying H1N1 from H3N2. 9, 10 H3N2 waves have been reported in Asian countries, Europe, and the United States. [11] [12] [13] [14] [15] [16] It has been reported in Asian countries that H3N2 influenza is commonly transmitted from dogs to humans. 17 Transmission from dogs to cats has also been observed. 18 The first pandemic of H3N2 was presented in 1968 and, since then, 108 amino acid changes have been identified at 63 residue positions. A direct transfer of the unaltered virus is possible, and it is based on fundamental mechanisms of the influenza viruses. 19 Virus transmission was mainly attributed to the changing socioeconomic circumstances in China. 19 H3N2 infection has been observed in dogs worldwide. 20 Additional mutations and oseltamivir resistance of the H3N2 virus has been reported. 8, 21, 22 Low vaccine effectiveness against H3N2 has also been observed, 23 with the type of vaccine protection differing according to age. 24 Antigenic variations of H1N1, H2N2, and H3N2 have been investigated in an effort to provide useful information for selection of optimal strains for swine influenza virus vaccine production. 21 Furthermore, after the 2006 and 2008 vaccinations against H3N2, the dominance of antigenic site B recognition over that of antigenic site A was observed. 25 Therefore, an effort has been made towards blocking the H3N2 mutations and low vaccine effectiveness by neutralizing DNA aptamers against H3N2 influenza. 26 Another effort was made by inducing the immune response with a recombinant swinepox virus co-expressing H3N2 and H1N1 swine influenza virus in an animal experiment. 27 Finally, a homeopathic approach against H3N2 was investigated by Siqueira et al, 28 demonstrating positive results. In an effort for early detection of H3N2, Scotch and Mei 29 proposed a system of phylogeography in the United States. There are very few studies simultaneously presenting clinical and laboratory findings from H3N2 and H1N1 patients within the same influenza wave of 2013, therefore we consider that our data will provide useful information for current and future investigational studies with a novel statistical methodology.
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Patients and methods Patients
We present a retrospective study performed in three tertiary hospitals from November 2012 to January 2013. In total, 77 patients were initially recorded, including 21 influenza A (H1N1)-positive patients and 15 influenza A (H3N2)-positive patients. Forty-one patients had lower respiratory tract infection (LRTI), based on radiologic and laboratory findings and negative swab for influenza A. 30 Patients were admitted with influenza-like symptoms (sore throat, cough, rhinorrhea, nasal congestion) and fever $37.5°C, as defined by the Centers for Disease Control and Prevention, the World Health Organization (WHO), and initial studies. 31, 32 In all cases, antiviral treatment was initiated immediately and discontinued depended on the results (range 8-48 hours). Patients were monitored until discharge, with symptoms and signs recorded daily. Return to normal body temperature was defined as a temperature of less than 37°C for 1 day after withdrawal of antipyretic treatment. 33 The criteria for discharge were absence of hypoxemia, normal chest X-ray, and temperature ,37°C for 1 day without antipyretic treatment (with minor exceptions where no comorbidities or laboratory and radiologic values were normal). Patients admitted to the hospital had CURB-65 score .3:
34 this value was accepted by both institutions as a cut-off point for hospitalization. Several patients were hospitalized because they had previously visited the emergency department and their physical status remained the same or had deteriorated. LRTI was defined as previously published. 30 All necessary information was retrieved form the files, and information, such as: 1) laboratory findings; 2) clinical examination findings; 3) vaccination history; and 4) antiviral pharmaceutical administration, were recorded separately for H3N2 patients and H1N1 patients. There were 13 patients with asthma, 15 patients with chronic obstructive pulmonary disease, and 25 patients with comorbidities (including coronary heart disease, cancer, and diabetes). Of the five patients intubated, two were from the H3N2 group and three from the LRTI group (Table 1) .
Laboratory investigation method
Pharyngeal or nasopharyngeal swabs were taken upon admission, according to the protocol from the US Center for Disease Control, as recommended by WHO. 1 Swabs were tested using real-time reverse transcriptase polymerase chain reaction, and the average time between obtaining the samples and testing was 8-48 hours. Patients remained isolated in a negative-pressure room until the result was obtained. 31 It should also be mentioned that, although real-time reverse transcriptase polymerase chain reaction is the most sensitive and specific test for the diagnosis of influenza virus infection, upper respiratory tract specimens are not as specific (∼80%) as lower respiratory tract specimens (∼100%). 35 Patients were assessed by CURB-65 severity score for community-acquired pneumonia upon admission, if they had clinical findings of pneumonia. 36 Additionally, urine samples were provided by the patients upon admission to investigate antigens for Legionella and Streptococcus pneumonia. Serum antibodies 
Data manipulation
Many clinical studies need the segregation of patients in particular groups according to some predictor variables that hold strong properties on the of critical information; however, the traditional statistical procedure meets two major obstacles. Firstly, the variables are usually met at skewed distributors, meaning that they do not follow the prerequisites of normal distributions. Secondly, the old statistical methods cannot adequately choose the right number of the important variables, such as backward selection of variables of multiple regression. The above problems can be bypassed by applying two new methods, classification and regression trees (C&RT) 37 and chi-squared automatic interaction detector (CHAID), 38 that can be performed free of normality disciplines.
Type of infection was considered the sole dependent variable of the study and included three categories: LRTI (0), influenza H1N1 (1), and H3N2 (2) . Other variables were included as independently affecting the type of infection and were sorted into three categories according to the following statistical scheme: 1. Variables that were first recorded at the time of the patient's entry into the hospital and that were relevant to case history (eg, sex, age, body mass index). C&RT was employed to detect which variables were the most suitable to split and exclusively identify each type of infection by means of a tree sequence structure. Pruning on misclassification error of cases, 12-fold cross-validation costs (misfits) of samples, resubstitution costs, and Gini measure of node impurity were used as diagnostic criteria to avoid overfitting, which leads to a model with more trees than required. The minimum number of cases per node (branch) was set to n=7 and the standard error (SE) to 1.0.
Instrumental variables, physical and biochemical, that
were measured at the beginning and end of hospitalization, using laboratory techniques (serum glutamic oxaloacetic transaminase [SGOT], urea, partial arterial oxygen [PO 2 ] measurement, etc). These laboratory variables were Abbreviations: LRTI, lower respiratory tract infection; SGOT, serum glutamic oxaloacetic transaminase; SGPT, serum glutamic-pyruvic transaminase; CR, creatinine; UR, urea; WBC, white blood cell; CRP, C-reactive protein; PO 2 , partial arterial oxygen; COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; ICU, intensive care unit.
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Petridis et al statistically treated with CHAID classification analysis in order to detect those splitting variables that could effectively figure out the specific presence of each disease. 38 CHAID derives from the basic algorithm that is used to construct (nonbinary) trees, which, for classification problems, relies on the chi-squared test to determine the best next split at each step. The technique functions similarly, on the basis of variable classification, to C&RT and it is frequently chosen when the ordered variables include more than two categories. A ten-fold cross-validation procedure for risk estimating was adopted conjointly with a probability value of 0.05 for splitting the predictor variable, and with a minimum number of cases per node n=7. Instrumental variables, although quantitative in nature, were transformed to categorical ones for statistical reasons and were scaled to four two-digit levels (11, 12, 21, 22) according to the fulfillment of two criteria: patients' admission in the hospital before (first digit 1) and after discharge (first digit 2), and variable exceeding (second digit 2) or not (first digit 1) a pathologic threshold. Thus, the levels 11 and 22 imply healthy and pathologic conditions, respectively, upon admission and during hospitalization, and the levels 12 and 21 imply alternating healthy and sick conditions. 3. Clinical variables, relevant to the presence (1) or absence (0) of particular symptoms as a result of disease manifestation. These variables were subjected to a multiple correspondence analysis aiming to cluster symptoms as a result of specific type of infection.
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Results
Medical records
Records for historical variables revealed the following results (Table 2) : male and female sex, condition of fever (below and above 38.8°C), and vaccination versus non-vaccination were present in patients in approximately 1:1 proportions.
Thirty-four patients (44.2%) had respiratory distress upon admission, 31.2% had a smoking history or were active smokers, 37.7% manifested disease symptoms, and 7.8% had morbid obesity (body mass index $40). The mean age of patients was 51.1 years and patients were administered oseltamivir for a mean duration of 1.8 days.
The 12-fold cross-tabulation procedure, after applying the C&RT classification analysis, revealed the tree sequence #2 to be the best splitting choice because it produced the least cross-validation costs (0.147) with an SE of 0.04 and the least resubstitution costs (0.107) in joint with a moderate node complexity (0.013). This division is depicted in Figure 1A , in which two splits are obvious ending up to three terminal nodes. Vaccination was the most important value (100% rank value), followed by the age of the patients (84.7%). Tracking the route of branches, it appears that LRTI was exclusively present in those patients who were vaccinated. On the other hand, influenza H1N1 occurred only in non-vaccinated patients less than 54.5 years old and H3N2 only in those more than 54.5 years old.
The classification matrix appears reliable (Table 3) , since only eight cases belonged to improper groups. Lower respiratory tract infection contained 41 cases, of which 38 belonged to group 0 (fitting 92.7%), one belonged wrongly to group 1, and two cases belonged to group 2. The H1N1 group was predicted in 19 out of 21 cases (fitting 82.6%), dropping two cases in group 2. The H3N2 group was predicted in ten out of 13 cases (71.4%), with three cases classified wrongly in group 1. Table 4 exhibits the clinical view of the patients before and after entrance to the hospital. Transaminase levels remained steady in healthy condition (code 11; ,40) in 58%-60% of patients and in continuous pathologic state in 5.2%-10.4% (22 patients). For SGOT results, four patients alternated from condition 1 to 2 and nine from 2 to 1, and, for serum glutamic-pyruvic transaminase (SGPT) results, six patients changed from condition 1 to 2 and five from 2 to 1. Creatinine remained unchanged in the combined condition 11 for 97.4% of the sample, while two patients remained in the condition 22 (2.6%), meaning that this sample did not provide meaningful information. For urea, condition 11 held for 84.4% of the patients, condition 12 for 7.8%, condition 21 for 3.9%, and condition 22 for 84.4% of patients. The PO 2 measurement changed to normal stage in 28.6% of patients (condition 21), whereas 52 patients (67.5%) remained invariably in the healthy condition 11. Oseltamivir administration varied between 0 and 10 days, giving a mean duration of 2.2 days. In particular, 19 patients received no drug (only one tablet, because the result was negative within 8 hours), 31 only for 1 day, 19 patients for 5 days, and eight patients from 2 to 10 days.
Instrumental measurements
CHAID's classification algorithm created a tree sequence with two splitting variables and three terminal nodes ( Figure 1B ), giving very low train and ten-fold cross-tabulation risk estimates of 0.027 (SE =0.019) and 0.041 (SE =0.023), respectively, and values also close enough to permit establishing a reliable classification model. Influenza H3N2 is easily recognized when WBC count condition changes from normal to unhealthy (12; Figure 1B) . In situations in which WBC count conditions switched from sick to normal (21) , then pneumonia was classified to patients administered oseltamivir for 0 to 1 days, and influenza H1N1 when drug administration persisted for more than 1 day (2 to 10 days).
The classification matrix for the type of infection (Tables 4  and 5 
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H3N2 and H1N1 influenza 2012 and lower respiratory tract infection the tree sequence, because only two misfits were produced. Forty out of 41 cases came positive in the pneumonia group, 20 out of 21, but mainly when remains steadily abnormal 22 in the influenza H1N1 group and 100% are predicted in H3N2 group and two misfit cases are added in the last group. All patients were transported to the pulmonary wards with the rest of the hospitalized population, except for the five patients that had to be intubated. No correlation was made between the antibiotics administered.
Clinical symptoms
Cough was the most common symptom, observed in the 77.9% of the patients (Table 6 ), accompanied by sputum (51.9%) and fatigue (42.9%). Hemoptysis and vomiting were rarely recorded in the patients (9.1% and 16.9%, respectively).
To detect potential interrelationships among clinical symptoms and types of infection, the latter acting as supplementary variables in the analysis, a multiple correspondence biplot was drawn (Figure 2 ). The first two dimensions explain 43.2% of the total variation (inertia) and reveal three clusters of different attributes. The symptoms hemoptysis, headache, myalgia, and fatigue were indicative of H1N1 manifestation because they are positioned close to that disease in the biplot and so describe it uniquely. LRTI was accompanied by symptoms of nausea, rash, sputum, and cough, but, surprisingly, influenza H3N2 had no direct connection with any symptom. The results are also supported by the standardized deviates of infection type, of which the significant effects on each disease are depicted in Table 7 . Nausea and rash describe mainly the pneumonia symptoms because they produce the highest positive deviates in that disease; headache, fatigue, and myalgia (nearly significant deviate) point positively to the H1N1 disease; and no particular symptom is present at maximum positive deviates to relate to H3N2 disease.
Discussion
In the current retrospective, observational study, we present the clinical data from our archives regarding influenza A (H1N1, H3N2) and LRTI. We divided our data into three groups (medical records, laboratory findings, and symptoms) in order to perform our statistical analysis. Each group contained different variables which are closely related to these factors: medical records, laboratory findings, and symptoms. In specific, medical records consisted of the following information: age, sex, smoking history, vaccination history, body mass index, known respiratory disease or other comorbidity, temperature upon admission, respiratory distress upon admission (#60 mmHg PO 2 ), 40 and days on oseltamivir before admission. The group laboratory findings consisted of the following variables: SGOT, SGPT, creatinine, urea, CRP, WBC count, and PO 2 . There were two values recorded for our study for each variable, one upon admission and one upon discharge. Symptoms among all patients consisted of: cough, fatigue, headache, hemoptysis, myalgia, nausea, rash, sputum production, and vomiting. Presence or absence of these symptoms was recorded upon admission. The patients recorded as having been vaccinated had been vaccinated against influenza. There were only two patients identified with Streptococcus antigenand one with Streptococcus antibodies in the LRTI group. Moreover, five patients were intubated, but there were no fatalities. Limitations of the study could be summarized to the following: 1) we did not include any procalcitonin values, since we did not have the ability to measure this, based on the cost-effectiveness policy followed by our hospitals; 2) the small sample (this was due to the small number of patients that fulfilled all criteria for statistical analysis); and 3) we did not record the WBC count subtypes; we did have, however, the positive or negative result of the swab examination upon admission to identify influenza cases. Regarding the laboratory findings, we observed that transaminases shifted from normal to abnormal in a small number of patients, in line with a previous report, 41 and that PO 2 values remained unchanged in 67.5% of patients; however, 28.6% patients shifted from normal to abnormal values, which is expected for patients with influenza and respiratory diseases such as chronic obstructive pulmonary disease, asthma, and LRTI with focal densities. WBC count, low PO 2 measurements, and high CRP values were identified as possibly identifying LRTI, based on the fact 
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Petridis et al that this combination is observed in LRTI. 30 Similarly, SGOT and SGPT values that increased from normal to abnormal, and PO 2 levels decreasing from normal values (#60 mmHg) could possibly identify influenza patients; however, antibiotic administration and LRTI can also modify these values, but in a different frequency. The H1N1 patients had increased headache, myalgia, and fatigue, which are common symptoms of influenza; however, there were no specific symptoms in H3N2 patients. There have been published data regarding the evolution of H3N2 since 1968 where this virus had low propensity and impact in the last 10 years. 22 Low vaccine effectiveness has also been observed, however, based on the genetic mutation of the virus with seven substitutions at key antigenic sites. 23 The mutation in H3N2 virus has also been responsible for oseltamivir resistance that was observed in patients between 2009 and 2011. 8 Recently, a new blood assay has been developed for early detection of influenza A (H1N1 and H3N2), which can be applied in the emergency department of hospitals and could be a future methodology for early influenza detection. 42 In our current study, five patients 
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H3N2 and H1N1 influenza 2012 and lower respiratory tract infection were intubated, three with LRTI and two with H3N2; H3N2 has been observed to infect the neutrophils and induce early cell death. 43 This observation is also in accordance with data published by Skowronski et al, 14 who stated that the H3N2 virus does not pose a threat for a pandemic; however, the risk assessment changes with time and depends crucially upon the serologic type and basic reproduction number. As mentioned previously, a major limitation of our study was the small number of patients admitted. In another study by Skowronski et al, 24 it was observed that a substantial proportion of adolescents and young adults have cross-reactive antibody against emerging H3N2 virus, whereas children and older adults show broad susceptibility. In our case, the two H3N2 patients intubated were 56-and 62-year-old males. In a study by Xu et al, 27 a recombinant swinepox virus co-expressing HA1 genes of H3N2 and H1N1 swine influenza virus was produced, and it was observed to be efficient against mice and pigs. Again, in the study by Lemaitre et al, 13 a comparison between H1N1 and H3N2 presented data showing that H3N2 is more lethal than H1N1. The possibility of a future vaccination for H3N2 and H1N1 with an influenza-like particle containing two different subtypes of hemagglutinin has been investigated and was shown to be successful against A/PR8 (H1N1) and A/HK (H3N2) viruses in a mouse model. 44 According to recent WHO guidelines based on epidemiologic data, there is expected to be efficient vaccination protection against the influenza A (H1N1)pdm09, A(H3N2), and B influenza waves for 2012; 11 however, as previously stated, there are already data showing low vaccine effectiveness, at least among elderly people. 23 Data from 2011 indicate that, at that time, the H3N2 virus did not present any critical mutations and that antiviral treatment was efficient. 16 Regarding influenza A (H1N1), mutations and oseltamivir resistance were known since the first wave in 2009. 45, 46 Further data regarding the influence of the H3N2 virus to the respiratory system, due to the cascade of cytokines and chemokines that are activated and released, would be beneficial.
Conclusion
With our statistical methodology, we were able to identify that patients with LRTI had been vaccinated against influenza A, and that, among patients with influenza A, those less than 54.5 years old had H1N1 and those more than 54.5 years old had H3N2. Moreover, WBC count population changed from normal range to abnormal in patients with H3N2, while 6.6% of patients showed a change from abnormal WBC counts to normal condition and 72.4% remained unhealthy. From the latter two groups, invariably, those patients who received oseltamivir for 1 day were classified as having LRTI and those who received the drug for a longer time were classified as having H1N1. In any case, medical staff involved in the primary care of the general population should identify those with increased susceptibility to influenza virus and encourage them to vaccinate according to the issued guidelines. 47 We are now anticipating the clinical manifestations of the new wave of H7N9 in order to identify its characteristics.
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